Background: Data on urinary tract infection (UTI) in infants ≤2 months of age are limited. We examined clinical characteristics, antimicrobial resistance, imaging findings and clinical outcomes in infants ≤2 months of age and children 2-24 months of age hospitalized with the first febrile UTI. Methods: Children ≤24 months of age hospitalized with their first-diagnosed febrile UTI were prospectively studied. Renal ultrasonography, 99m Tcdimercaptosuccinic acid scanning and voiding cystourethrography were performed in all children. Results: Of the 388 children analyzed (255 boys and 133 girls), 61 patients were ≤2 months of age, representing 15.7% of the whole population, whereas 327 patients were 2-24 months of age. Escherichia coli was the predominant bacterium, with similar antimicrobial resistance in the 2 groups, and associated E. coli bacteremia occurred in 9 patients (2.3%). Renal ultrasonography showed abnormal findings in 130 patients (33.5%), but there was no difference in the rate of abnormal findings between the groups. Vesicoureteral reflux (VUR) was present in 130 children (33.5%), including 93 (24%) with grades III-V VUR. VUR was more prevalent in the infants ≤2 months of age (P = 0.007), but there was no difference in the prevalence of grades III-V VUR between the groups. The incidence of renal scarring was 28.6% (111/388), and it did not differ between the groups. Conclusions: There are similarities in clinical characteristics, antimicrobial resistance, imaging findings and clinical outcomes after a first UTI between the young infants ≤2 months and children 2-24 months of age. The same guidelines for the diagnosis and management after the first febrile UTI can be applied to children who are ≤24 months of age.
A s febrile infants and young children usually present with nonspecific symptoms and signs, there are difficulties in assessing the localization and severity of illness. Urinary tract infection (UTI) is one of the common causes of unexplained fever and serious bacterial infections in febrile infants and young children. 1 The prevalence of UTI ranges from 5.3% to 13.6% in febrile infants ≤2 months of age, 2 suggesting that UTI is a relatively common cause of fever in this age group.
Childhood UTI is often associated with congenital urinary tract abnormalities, most commonly vesicoureteral reflux (VUR), 3 which may put infants and young children at high risk for acute pyelonephritis (APN), recurrent UTIs, subsequent renal scarring (RS) 3, 4 and possible long-term medical problems. 5, 6 In 2014, the recent the Randomized Intervention for Children with Vesicoureteral Reflux (RIVUR) trial showed that antibiotic prophylaxis was effective in decreasing recurrent and symptomatic UTIs but not of RS in children with VUR, 7 suggesting that detection of VUR and prevention of recurrences in children are beneficial. Published guidelines do not specially address the evaluation after a first UTI in infants ≤2 months of age. In 2011, the American Academy of Pediatrics revised its recommendations for the diagnosis and management of the first UTI in febrile infants and children 2-24 months of age. 1 However, the guidelines excluded infants 0-2 months of age from consideration owing to limited data characterizing this age group. 1 In addition, many published studies on this age group have significant design or reporting flaws that may further cloud the clinical picture and limit their impact. [8] [9] [10] [11] [12] [13] We examined a defined group of infants ≤2 months of age hospitalized with their first-diagnosed community-acquired febrile UTI and compared them with young children 2-24 months of age on clinical characteristics, laboratory data, uropathogens and antimicrobial resistance, imaging findings and clinical outcomes.
PATIENTS AND METHODS

Patients and Study Design
This prospective cohort study evaluated young children ≤24 months of age who were admitted to an urban tertiary referral center and academic teaching hospital via the pediatric emergency department or outpatient department for a first-diagnosed community-acquired febrile UTI during a 6.5-year period. The hospital's Institutional Review Board approved the study protocol, and the parents of all of the participants provided informed consent.
Diagnosis of a first-episode febrile UTI was based on the following criteria: (1) fever with body temperature ≥38°C; (2) presence of pyuria [defined as ≥5 white blood cell (WBC) per highpower field] and/or abnormal dipstick urinalysis (a positive nitrite or leukocyte esterase test); (3) a positive urine culture, defined as any growth of a single bacterium in urine from a suprapubic bladder aspiration, ≥5 × 10 4 colony-forming units/mL collected from a transurethral catheterized specimen, or growth of a single microorganism ≥10 5 colony-forming units/mL collected from the midstream clean-void urine specimen 1 ; and (4) no previous history of UTI, urinary tract or neurologic abnormalities known to be associated with recurrent UTIs or renal damage. Bacteremia was defined as simultaneous isolation of an identical bacterial pathogen from urine and blood specimens. All children were treated empirically with combined intravenous cefazolin (100 mg/kg/d) and gentamicin (7.5 mg/kg/d) for at least 3 days after admission according to the hospital's antibiotic policy. This regimen was later adjusted according to the results of the antimicrobial susceptibility tests for an overall treatment duration of 7-24 days.
Laboratory Investigations
Serum and urine indices for laboratory investigations, including WBC count, C-reactive protein (CRP), procalcitonin (PCT), serum creatinine, urinalysis and urine and blood cultures were taken from all patients on admission before the initiation of antibiotics treatment. Rapid and quantitative measurements of PCT values were performed using an enzyme-linked fluorescent assay in an automated instrument (VIDAS BRAHMS PCT, BRAHMS Diagnostica, Berlin, Germany) according to the manufacturer's instructions. 14 
Urine Cultures and Antimicrobial Susceptibility Tests
Urine samples were transferred immediately to the hospital's Department of Clinical Microbiology at room temperature. The identification of microbial growth and the determination of antimicrobial susceptibility testing were performed using the disk diffusion method according to the guidelines of the National Committee for Clinical laboratory Standard, with the recommended media and standard control strains. 15 Antimicrobial susceptibility was routinely tested for the following 15 antimicrobial agents: ampicillin, ampicillin/sulbactam, piperacillin/tazobactam, gentamicin, amikacin, cefazolin, ceftazidime, ceftriaxone, cefepime, ofloxacin, ciprofloxacin, ertapenem, meropenem, imipenem and trimethoprim/sulfamethoxazole (TMP/SMX).
Imaging Studies
All patients underwent complete diagnostic imaging, including renal ultrasonography (US), acute 99m Tc-dimercaptosuccinic acid (DMSA) scanning and voiding cystourethrography (VCUG).
Renal US was performed within the first 3 days of admission. All abnormal US findings were recorded, including the anteroposterior diameter of the renal pelvis ≥5 mm and/or any grade of dilatation of the calyces or ureters irrespective of anteroposterior diameter; pelvic or ureteral wall thickening; absence of corticomedullary differentiation; renal hypoplasia; duplicated renal collecting system; and abnormal kidney size. 14 A DMSA scan was performed within the first 5 days of admission to identify renal lesions. An abnormal acute DMSA scan suggesting APN was defined as the presence of focal or diffuse areas of decreased radioisotope uptake with preservation of the renal contour. [16] [17] [18] If there was an abnormal acute DMSA scan, a late DMSA scan was obtained at least 6 months after the acute infection to evaluate the presence of RS. 18 Previous studies showed that all children whose acute DMSA scan was normal had a normal late DMSA. 18 Thus, it was unnecessary and unethical to perform a late DMSA study on patients with previously normal scans. RS was defined as the presence of focal or generalized areas of persistent diminished radioisotope uptake at the same locations as in the acute DMSA scan and/or associated with loss of the contour of the kidney. 17, 18 Primary clinical outcomes defined as the incidence of RS formation after a febrile UTI were measured.
A VCUG was performed 1-4 weeks after control of the acute infection. The VUR was graded I-V according to the International Reflux Study in children. 19 Interpretations of the DMSA and VCUG were made by 2 experienced nuclear medicine physicians and 2 radiologists in random order, and they were unaware of the patient's clinical and laboratory findings and blinded to the study's objectives.
Statistical Analyses
The unpaired 2-tailed Student's t test was used to compare continuous variables and was presented as mean and standard deviation. χ 2 test or Fisher exact test was used to compare categorical variables. Multivariate logistic analysis with a stepwise procedure was used to identify the potential predictors of RS. Results were expressed as odds ratio, 95% confidence interval and P values. Statistical significance was set at P < 0.05. All statistical analyses were performed using the software package SPSS for Windows (version 15.0; SPSS Inc., Chicago, IL).
RESULTS
Clinical Characteristics
A total of 388 patients ≤24 months of age with the first febrile UTI, with complete diagnostic imaging and follow-up, were enrolled. They were divided into the young infant group (n = 61), who were ≤2 months of age, and the young children group (n = 327), who were ≤24 months but >2 months of age. The demographic and clinical characteristics of the patients are summarized in Table 1 . The young infant group included 47 boys and 14 girls (mean age, 34.9 ± 14.1 days), representing 15.7% of the whole population, with a male-to-female ratio of 3.4:1. The young children group included 208 boys and 119 girls (mean age, 7.0 ± 5.0 months), with a maleto-female ratio of 1.7:1. All boys were uncircumcised in our study, as in customary in Taiwan.
The young infant group presented with a significantly lower maximum temperature (P < 0.001) and a shorter duration of fever before admission (P < 0.001) and after treatment (P = 0.044), compared with the young children group. The values of serum inflammatory markers, including WBC count, CRP and PCT were similar between the groups.
Uropathogens and Antimicrobial Resistance Patterns
The leading uropathogen among the 388 patients was Escherichia coli, which was isolated in urine cultures from 335 patients (86.3%), whereas 53 (13.7%) patients had other bacteria, including Klebsiella, Proteus, Pseudomonas, Enterococcus and Citrobacter species. Associated E. coli bacteremia occurred in 9 patients (2.3%; Table 1 ). E. coli predominated both in young infant and young children groups. Analysis of the E. coli isolates regarding sex predominance revealed no statistical difference in each group (P = 0.179 and P = 0.916, respectively).
The antimicrobial resistance rate of the E. coli isolated in our study to cefazolin and gentamicin was 24.2% and 13.1%, respectively, and they exhibited a high rate of antimicrobial resistance to ampicillin (75.8%) and TMP/SMX (55.8%). There were no differences in the antimicrobial resistance patterns between the 2 groups.
Imaging Findings
Abnormal US findings were detected in 130 patients (33.5%; Table 2 ). Abnormal US findings were more prevalent among boys 2-24 months of age (P = 0.026). Of the 388 patients, VUR (the maximum degree of reflux given if bilateral) was identified in 130 (33.5%); of those, 93 (24.0%) had grades III-V VUR, including 65 (69.9%) with concomitant abnormal US (Table 3) . Only 5 of 40 children with grade IV VUR did not have any abnormal US findings, and no case of grade V VUR was missed on US. The prevalence of grades III-V VUR was 24% of the study, with a posttest probability of 10.7% for a negative test, meaning that the pretest probability (24%) decreased to 10.7% posttest probability. VUR of grades I to V was more prevalent in the young infant group (49.2% vs. 30.6%, P = 0.007); however, there was no difference in the prevalence of grades III-V VUR between the groups. When stratified by age and sex, grades III-V VUR were more prevalent in boys 2-24 months of age (77.3% vs. 55.9%, P = 0.048).
There were abnormal acute DMSA scans, suggesting APN, in 236 (60.8%) patients and normal acute DMSA scans, suggesting a lower UTI, in 152 (39.2%) patients. The incidences of APN were similar in both the young infant and young children groups and in boys and girls. APN was identified in 80.8% (105/130) of patients with VUR. In the study, patients with APN had significantly higher rates of VUR than those with a lower UTI (44.5% vs. 15.8%, P < 0.001); further, the rates of APN were more prevalent in patients with VUR (81.4% vs. 50.6%, P < 0.001). There were significant associations between APN and the severity of VUR grade (grades I-II vs. grades III-V) in both the young infant group (P = 0.003) and the young children group (P < 0.001). A slight predominance of non-E. coli bacteria (40.4%) other than E. coli (32.4%) was observed in children with VUR, but the difference was not statistically significant (P = 0.331). *Comparison of imaging findings between the young infant ≤2 months and young children 2-24 months of age groups. †Comparison of VUR of grades I-II and grades III-V between the young infant ≤2 months and young children 2-24 months of age groups.
‡Comparison of VUR of grades I-II and grades III-V between boys and girls in the young infant ≤2 months and young children 2-24 months of age groups.
§Comparison of RS in patients with VUR and those without VUR between the young infant ≤2 months and young children 2-24 months of age groups.
║Comparison of RS in patients with VUR of grades I-II and grades III-V between the young infant ≤2 months and young children 2-24 months of age groups.
Primary Clinical Outcomes
Of the 388 children, RS was present in 111 children (28.6%), and the incidence of RS did not differ between the 2 groups (Table 2) . Seventy-seven (59.2%) of the 130 children with abnormal US findings had RS compared with 34 (13.2%) of 258 children with normal US findings (P < 0.001). Of the children with VUR, 52.3% (68/130) children had RS compared with 16.7% (43/258) children with no VUR (P < 0.001). Among children with no VUR or grades I-II VUR, 17.3% (51/295) had RS compared with 64.5% (60/93) of those with grades III-V VUR (P < 0.001). When stratified by age and sex, there were no associations of RS with age and sex regardless of the presence or grade of VUR (Table 2 ).
Risk Factor for RS
A multivariate analysis was performed to determine independent predictors of RS for patients after a febrile UTI (Table 4) . After adjusting for confounding factors, the initial PCT value, abnormal US findings and the presence and grade of VUR were important predictors of RS.
DISCUSSION
In this study, the young infants ≤2 months of age represented 15.7% of children ≤24 months of age with a first febrile UTI, similar to a reported prevalence of 13.6% to 20.6%. 2, [11] [12] [13] Males predominated (65.7%) in our study, especially in the young infant group (76.3%), in agreement with other reports. 2, 11, 12, 20, 21 Phimosis seems to be an important risk factor for UTI in male infants. 2, [10] [11] [12] 20, 21 None of the boys in this study were circumcised at the time of UTI, similar to previous studies. 2, 8, 11, 12, 20, 21 The mean time of fever duration before admission and after treatment was 1.3 days and 1.3 days, respectively, for the young infant group and 2.1 days and 1.7 days, respectively, for the young children group, similar to the findings of a previous study. 11 The relatively shorter duration of fever before admission and after treatment in the young infant group may be partly explained by parental vigilance and alarm at the presence of fever in younger infants, which prompts the parents/providers to seek care more quickly than that for older children. Therefore, younger infants can obtain timely diagnosis and treatment.
Children ≤24 months of age are more likely to have APN than older children. 22, 23 The incidence of APN (60.8%) in our study was similar between the 2 groups of patients during their acute febrile UTI, consistent with incidences of 51.5%-72.7% of APN in young children. 12, 18, 24, 25 In this study, the values of serum inflammatory markers like WBC count, CRP and PCT were similar between the 2 groups and were also similar to previously reported values of young children with a febrile UTI. 8, [10] [11] [12] 14, [26] [27] [28] Our results demonstrate that initial PCT is a robust predictor for identifying children who had APN in the acute phase of UTI and those that developed late RS, in accordance with the findings of previous reports. 14, 28 This suggests that PCT measurement has the potential to aid the clinical decisionmaking process regarding the acute management and follow-up of children after a febrile UTI. 14, 28 E. coli was the most common uropathogen causing the first febrile UTI in the young infant and young children groups of this study, and the rate of E. coli isolated and antimicrobial resistance patterns were similar between the 2 groups. There is growing concern about the resistance of E. coli to commonly recommended empiric antibiotics for childhood UTI like ampicillin and TMP/ SMX. [29] [30] [31] E. coli showed a high rate of resistance to ampicillin (75.8%) and TMP/SMX (55.8%) in our study, consistent with previous reports of the rate of resistance to ampicillin (55.0%-82.0%) and TMP/SMX (30.0%-57.1%). 12, [30] [31] [32] In contrast, resistance to the first and third generation cephalosporins and aminoglycosides was relatively low in this study, with resistance rates of 24.2% to cefazolin, 6.9% to ceftriaxone, 13.1% to gentamicin and 0% to amikacin, in accordance with recent reported resistance rates of 24.0%-46.3% to cefazolin, 12.9%-24.9% to gentamicin and 0%-1.1% to amikacin in Taiwan. [31] [32] [33] [34] It is important to start empiric treatment of childhood UTI considering not only the most probable uropathogen Abnormal US findings (at least 1 abnormal finding) included the anteroposterior diameter of the renal pelvis ≥5 mm and/or any grade of dilatation of the calyces or ureters irrespective of anteroposterior diameter; pelvic or ureteral wall thickening; absence of cortico-medullary differentiation; renal hypoplasia; duplicated renal collecting system, and abnormal kidney size. but also its most likely antimicrobial susceptibility when selecting the antimicrobial agents. Although no standard antibiotic treatment exists, our findings imply that the antibiotic policy with a combination of cefazolin and gentamicin is an appropriate treatment for our children ≤24 months of age with a first community-acquired febrile UTI. Associated E. coli bacteremia occurred in 3 infants (4.9%) of the young infant group, consistent with results of 0%-12.8% of young infants with a UTI. 2, [8] [9] [10] 12, 13 Despite the small number of subjects with UTI-associated bacteremia, the clinical course in all children was uneventful with no extrarenal complications, consistent with previous reports of such patients. 8, [10] [11] [12] 18 UT anomalies are reported to affect 20% to 50% of young children with UTI, 3, 12, 35 of which VUR is the most common finding. Abnormal US findings were detected in 33.5% of children in this study, consistent with other findings of 8%-47.4%. [8] [9] [10] [11] [12] [13] Despite different criteria being used to define US abnormalities in each study, most patients had normal US findings. In this study, the negative predictive value of US for grades III-V VUR indicates that approximately 11% of patients with normal US findings would have had a misdiagnosis when they actually had grades III-V VUR (Table 3) . Although a normal US cannot exclude high-grade VUR, most grades IV and V VUR are detected on US.
12,36-38 Our findings are in agreement with previous reports of identifying most grades IV-V VUR on US, 12, [36] [37] [38] indicating that when US findings are normal in children after a UTI, the risk of missing grades IV-V VUR is low. Therefore, we suggest a less aggressive diagnostic approach like US in the first management of children after a first UTI to identify the high-risk group for whom a further imaging workup is necessary.
An increased incidence of urinary tract anomalies, most commonly VUR, in boys is an explanation for the male predominance of UTI during the first 2 months of life. 38, 39 Our results identify a significant rate (49%) of any VUR in infants ≤2 months of age regardless of sex, similar to the reported prevalence of 21%-75% of anatomic abnormalities in this age group, 9, [11] [12] [13] 38, 39 suggesting that children with urinary tract abnormalities may have a higher prevalence for UTI earlier in life. Therefore, others' and our findings are in disagreement with recent Vachharajani et al 8 recommendations that VCUG may not be required in all infants under the age of 2 months after a UTI.
Our results show that 28.6% of this study had RS, and the primary clinical outcomes were similar between the 2 groups. We selected RS as the primary clinical outcomes because RS is more likely to cause long-term medical complications and possibly affect renal function. In addition, selecting RS as the clinical outcomes allowed us to demonstrate whether the presence and degree of VUR could lead to the development of RS. Our findings suggest that abnormal US findings and the presence and grade of VUR, especially grades III-V VUR, are important risk factors for the development of RS, consistent with the recent studies, 6, 24, [40] [41] [42] indicating that VUR is a clinically significant condition. 6, [40] [41] [42] [43] This study has several strengths. Data were collected using strict protocols from a single center. By using rigorous methodology, this study has applied a consistent strategy for managing children with a first-episode febrile UTI. To date, this study represents the largest cohort from a single center on the measurement of PCT as a biomarker and predictor in children with a febrile UTI. 28 Moreover, children with an abnormal acute DMSA were followedup to identify those who developed RS, not performed in previous studies. [8] [9] [10] [11] [12] [13] Nonetheless, this study has several limitations. First, it only enrolled hospitalized children ≤24 months of age with their firstepisode febrile UTI. This may create selection bias. The current findings may not be immediately generalized or extrapolated to outpatients with UTI, those with afebrile UTI and patients with recurrent UTIs. Second, this study had strict criteria and only enrolled subjects who had completed imaging workup of US, acute and late DMSA scanning and VCUG. This may prevent further generalizations of the findings. Finally, the number of reported cases of young infants ≤2 months of age may be too small to make a firm conclusion. Further prospective studies with larger cohorts are warranted.
In conclusion, there are important similarities like male predominance, similar results of inflammatory markers and antimicrobial resistance patterns, comparable incidence of APN and UTI-associated urinary tract abnormalities, as well as uneventful clinical courses and similar clinical outcomes between the firstdiagnosed febrile UTI in young infants ≤2 months of age and those in young children 2-24 months of age. Our findings suggest that abnormal US findings and the presence and grade of VUR are important predictors of RS. Therefore, diagnostic imaging of the urinary tract in children after their first febrile UTI is essential. We suggest that the same guidelines for the diagnosis and management after the first febrile UTI can be applied to all children who are ≤24 months of age.
